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(54) PROCESS FOR PREPARING CHLORINATED 
HYDROCARBONS 



(71) We, THE DOW CHEMICAL 
COMPANY, a Corporation organised and 
existing under the laws of the State of Dela- 
ware, United States of America, of Midland, 
5 County of Midland, State of Michigan, United 
States of America, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particulary 

10 described in and by the following statement: — 
The invention relates to the preparation of 
chlorinated hydrocarbons. 

In the preparation of chlorinated hydro- 
carbons by the oxychlorination reaction, e.g., 

15 employing ethylene, oxygen and hydrogen 
chloride in the vapor phase at an elevated 
temperature over a Deacon-type catalyst to 
produce 1,2-dichloroethane (ethylene di- 
chloride), it is common practice to employ 

20 air as the source of oxygen. It is also common 
practice to employ an excess of both oxygen, 
as air, and hydrogen chloride over that amount 
which would be stoichiometrically required to 
react with the ethylene in the feed. In order 

25 to obtain the maximum throughput of react- 
ants in a given reactor, super-atmospheric 
pressure is usually employed. Both the excess 
of oxygen (as air) and high pressure are 
unavoidably detrimental when using air as the 

30 source of oxygen, since the nitrogen of the 
air employed must be compressed and circu- 
lated along with the oxygen. This requires 
large compressors and containers and also 
makes it difficult and expensive to remove 

35 products or pollutants from a vent stream 
containing such large volumes of inerts. 

As larger production facilities are built, it 
becomes highly desirable to have a process 
in which the vented gases are reduced to abate 

40 pollution, and to recover the greatly increased 
volume of valuable products normally found 
in vent or off-gases. 

The present invention comprises a process 
for preparing chlorinated hydrocarbons which 

45 comprises contacting a mixture of oxygen or 



a gas containing molecular oxygen, hydrogen 
chloride and an ethyienically unsaturated 
aliphatic hydrocarbon or a partially chlorin- 
ated ethyienically unsaturated aliphatic hydro- 
carbon, the oxygen being employed in a state 50 
of purity of not less than 50% with respect 
to noncondensible gases, in amounts of from 
0.4 to , 0.8 mole of oxygen and 1.8 to 2.2 moles 
of hydrogen chloride per mole of said un- 
saturated hydrocarbon, with a Deacon-type 55 
copper oxychlorination catalyst at a tempera- 
ture and pressure at which oxychlorination 
occurs, treating the resulting oxychlorination 
reaction products with water to remove any 
unreacted hydrogen chloride, cooling the 60 
remainder of the products to remove the 
condensible chlorinated hydrocarbons and re- 
cycling sufficient remaining noncondensible 
gases to the reactor to supply from 30 to 60 
percent of the feed. 65 

Preferably, the reaction is carried out in 
a plurality of tubular reactors which are 
externally cooled to maintain the temperature 
therein at from 180° to 350°C. 

Preferably the state of purity of the oxygen 70 
is greater than 90% and more preferably 
substantially pure oxygen is employed. The 
state of purity with respect to condensible 
inerts such as water vapor is likewise greater 
than 50%. The condensible inerts are critical 75 
only with respect to equipment size for a given 
output and temperature profile throughout the 
reactor. If desired, the oxygen may be in 
admixture with steam. The noncondensible 
products of reaction, excluding the unreacted 80 
HQ, in excess of those required for recycle 
to maintain the system under the desired 
pressure and volume, are removed from the 
system. The noncondensible products consist 
of the oxidation by-products, the HC1 by- 85 
products and minor impurities introduced in 
the feed reactants and are the sole gases 
utilized as recycle. The portion of these non- 
condensibles not recycled constitute the off-gas 
from the system. The off-gases from the sys- 90 
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tem consist of a miximum of 1—2 lbs. (0.45 
—0.90 kg.) of noncondensibles per 100 lbs. 
(45.4 kg.) of desired product The off-ps, 
when the oxygen is essentially pure with 
respect to noncondensibles such as nitrogen, is 



reactor inlet pressure and sufficient of this gas 
is recycled to the reactor to supply 30 to 60 
percent of the feed and the remainder is with- 
drawn. 

The Deacon-type copper catalyst is any one 



gi 4 ? °?i?ases normaUy associated catalysts which are promoted, as with pS 

chloride loaded on aluminf T^e 
ton, using an oxygen of greater than 50% copper content of the load as percent weigjt 



with respect to noncondensibles has a fuel 
value sufficient to sustain burning. In addition, 
the useful by-products carried out of the 
reactor in the off-gas are present in an amount 
in the off-gas sufficient to make recovery prac- 
tical Recovery of the unreacted ethylene from 
the off-gas becomes practicable when the 
oxygen introduced into the reactor contains 
less than 50% non-condensible inerts, and 
preferably less than 10%. It is, of course, 
to be understood that if the oxygen contains 
more than 50% non-condensible inert gas, 



of copper chloride and load is preferably 
from 1 to 10 percent, more preferably from 
2 % to 7%, and most preferably from 3% 
to 6.5%.. The catalyst loaded alumina should 
be present in lower concentrations at the inlet 
than at the oudet. Thus, for example, the 
reactor preferably is divided into several zones 
of increasing copper content from inlet to 
outlet This condition can be achieved by 
increasing the load of copper as copper 
chloride in the carrier from zone to zone 
°l obtaining a constant copper as copper 



then the fuel value is decreased and ftteoJB *£ff&£STL C ^£ £S 
impracticable to recover the usahl* hv- mmv>r j.S.rT 1 percent 



impracticable to recover the usable by- 
products. 

In accordance with the present invention, a 
major reduction in undesirable effluent gases 
is achieved accompanied by improved selec- 
tivities (yield), conversions, productivities, 
temperature control, stability of operation and 
flexibility of production. 

Good results have ben obtained by the 
introduction of ethylene, as the hydrocarbon 
reactant along with recycle gases, preferably 
preheated, before or after mixing, to between 
100° to 200° C. A mixture of oxygen and 
hydrogen chloride, preferably preheated to a 
temperature of from 50° to 200° C. is also 



copper desired and diluting the catalyst 
(copper as copper chloride on alumina) by 
admixture of the loaded carrier with inert 
or unloaded alumina or silica. Similar means of 
obtaining various concentrations of promoters 
is preferably also utilized. 

The reactor can be substantially any metallic 
container capable of withstanding the tempera- 
tures and pressures of the reaction. The pre- 
ferred and commonly employed reactors are 
tubular having internal diameters of from 
0.5 to 3 inches (1.27— 7.62 cm.), more pre- 
ferably from 0.75 to 2 inches (1.90—5.10 
cm.). The reactors can be of any suitable 

■ - j 4 t ~ -~ — — length but preferably range from 10 to 60 

ffi^ rTr?* sy T m u^ «n» «I feet (3.05-18.3 meters). One o?a plu?ah> 
hydrogen chloride preferably are essentially of reactors can be employed When a oluraKtv 
pure prior to murine After miviW * n A nf »o,J — ^lilf .v ' wnena plurality 



pure prior to mixing. After mixing and pre- 
heating, the two streams are mixed together 
under conditions to preclude explosive mix- 
tures being formed, the oxygen concentration 
being less than 15 percent oxygen based on 
total mixture volume. The resulting mixture 
which consists of 1.8 to 2.2 moles HC1, 0.4 to 
0.8 mole 0 2 , per mole of unsaturated aliphatic 
hydrocarbon and 30 to 60 mole percent, based 
on the total mixture of recycle noncondensible 
gases is introduced to a tubular reactor con- 
taining a Deacon catalyst, maintained at a 
temperature of from 190° to 300°C. and under 
a pressure of from 15 to 100 psig (1.05—7.0 
kg./cm/ 2 ). The flow rate is in the range of 
50-1150 lbs. (22.5-517 kg.) HQ per cubic 
ft. (28.3 liters) of reactor volume per day. 

The effluent from the reactor is contacted 
with hot water (e.g., 50°C or higher) to 
dissolve the unreacted hydrogen chloride, and 
the resulting gas mixture is passed to 
a condenser where the product water and 
condensible chlorinated hydrocarbons are con- 
densed and withdrawn. The remaining gas 
(noncondensibles) is then compressed to 



r — j Tinvu a j/iuiauiy 

of reactors are employed they are formed into 
bundles with a common header for inlet and 
outlet. The tubes, whether single or bundles 
are surrounded by cooling medium such as 
oil, diphenyl ether-biphenyl eutectic mixture 
known as Dowtherm A (registered Trade 
Mark), the similar eutectic and isomeric 
mixture of higher boiling chlorinated aromatic 
ethers and chlorinated polyaromatic com- 
pounds. 

In accordance with the present invention, 
useful unsaturated compounds which may be 
oxychlorinated are those containing two and 
three carbon atoms, for example, ethylene and 
propylene and their partially chlorinated 
derivatives, for example, vinyl chloride, vinyl- 
ldene chloride, trichloro-ethylene, 1- and 2- 
chloropropenes, l,l-dichIoro-2-propene, 1,2- 
dicWoro - 2 - propene, 1,3 - dichloropropene, 
1,1^-trichloro-l-propene, and 1,2,3-trichIoro- 
propene. 

In a representative operation in accordance 
with the foregoing procedure, the following 
results were obtained. 
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Example. 

Ethylene and a recycle stream consisting of: 

Mole Percent 



0 2 1.93 

5 CO 39.3 

C0 2 38.4 
CH, 6.07 
QH* 9.13 
C 2 H 6 0.6 
10 N 2 2.15 
U-C 2 H4CI 2 1.66 
QHsQ 0.781 
C 2 H 3 C1 0.048 



are mixed in the ratio of 1/2.04 lb.-mole 
15 (0.45—0.92 kg.-mole) feed ratio, preheated 
to about 140°C. and delivered to a five unit 
static mixer. Oxygen and hydrogen chloride 



gas are mixed in a ratio of 0.51/1.96 lb.-mole 
(0.23—0.88 kg. mole) feed ratio and pre- 
heated to 80° C. and delivered to a five unit 20 
static mixer. Both streams are brought together 
and passed through a five unit static mixer, 
then into a bed of alumina contained in a 2" 
diameter by 1 foot long (5.1 X 30.5 cm.) 
tube. The gases exit the tube at about 100°C. 25 
and are passed immediately into a 1.5 inches 
diameter by 60 foot long (3.8 cm. X 18.3 
meters) tubular reactor filled with 6 — 8 mm. 
spherical porous activated alumina catalyst 
support upon which copper as copper chloride 30 
has been deposited. The catalyst bed is divided 
into zones of increasing concentration by suc- 
cessively increasing, from inlet to outlet, the 
amount of loaded alumina support mixed with 
the diluent (unloaded support) and/or increas- 35 
ing the amount of catalytic material (copper 
as copper chloride) on the support as, for 
example, in the following scheme: 



Wt. % Copper* 

Distance from Inlet in Feet (Meters) Vol. % Loaded 

0.0-0.5 (0.15) (inlet) 0/100 

0.5-15 (0.15-4.58) 3.6/14 

15-25 (4.58-7.63) 3.6/30 

25-35 (7.63-10.68) 3.6/50 

35-45 (10.68-13.73) 3.6/100 

45-60 (13.73-18.3) (outlet) 6.0/100 



* Wt. copper is calculated as that of elementary copper, not copper 
chloride, although it is on the loaded alumina as copper chloride. 



40 The gaseous effluent exiting the reactor is 
cooled in a 1.5" X 4 ft. (3.8 cm. X 1.22 
meters) packed, glass-lined water-cooled con- 
denser, and is then counter-currently contacted 
with water in a packed 6" X 1(K tower (15.2 

45 cm. X3.05 meters). The unreacted hydrogen 
chloride is dissolved in the water and the 
major portion of the chlorinated product is 
condensed in this tower. The non-condensible 
gases are taken off the top of the tower and 

50 recompressed to reactor pressure. The liquids 
are delivered to a flash drum under 1 psig. 
(0.07 kg./cm 2 ) and dissolved gases flashed 



off. These gases are delivered to a dryer and 
then recompressed and combined with the 
gases from the tower. The liquids remaining 55 
in tiie flash drum are sent to a phase sepa- 
rator wherein the organic liquids are spearated 
from the aqueous phase. The organic phase 
is distilled to recover the ethylene dichloride. 
Those chlorinated hydrocarbons boiling below 60 
ethylene dichloride may be compressed and 
recycled. Those boiling higher than ethylene 
dichloride are removed and may be cracked 
to usable unsaturates. 



1 



Feed Ratio of Reactants 

HC1 
0 2 

Recycle Gas ' 
Vent Rate to Atmosphere* 



Operat ing Data 

Inlet Pressure, psig. (kg./cm.*) 

Outlet Pressure, psig. (kg./ C m. 2 ) 

Recovery System Pressure, p sig . ( kg . /cm . 2) 55 

High Temperature in Reactor, °C. 

Low Temperature in Reactor, °C 

C 2 H 4 Conversion, % 
HC1 Conversion, % 
C 2 H„ Loss to Oxidation, % 
C 2 H« Yield to EDC, % 
HC1 Yield to EDC, % 
Productivity, Lbs. EDC/ft.Vday ** 
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Lb.-Moles/Day/Tube 

6.29 
12.33 
3.71 
12.83 
0.288 

90 
60 



275 
222 
99.6 
99.1 
2.58 
94.8 
96.8 
1098 



(Kg.— moles) 

(2.82) 
(5.54) 
(1.66) 
(5.80) 
(1.30) 



(6.32) 
(4.22) 
(3.87) 



(497 kg./28.3 liters/day) 



* The vent gas composition and the recvclo a,o ~~ 
on an average m.w. of 37. >de gas com P°sif.on are the same and were based 

♦♦Productivity is defined as pounds of 1 2-«K«.M„ u 
reactor volume per day. U-dichloroethane produced per cubic foot of 



10 



Recycle Gas Composition 
Or Vent Gas Composition 



0 2 

CO 

C0 2 

CH, 

QHj 

C 2 H 6 

N 2 

GAO, (EDC) 

c 2 H 3 a 



*. , „ Condensed Product 

Mole Percent Phase Analysis 



1.93 
39.3 
38.4 
6.07 
9.13 
0.6 
2.15 
1.66 
0.781 
0.048 

100.069 



QsHsCl 
G^CI 
CCl t 

Trans— C 2 H 2 a 2 
Cis— Q,H 2 CI, 
QC1, 

Sym— Co^CU 
Unsym— QH.C1, 
Beta— CJI 3 d 3 

QHOCla 
QtH,Cl 2 (EDC) 



Weight Percent 15 

0.038 

1.11 

0 

0.052 20 

0.093 

0 

0.029 
0 

0.59 25 
0 

0.19 
97.89 

99.992 



5 
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5 



Scrubber Water Analysis Weight Percent 



0211*02 0.34 
C 2 HOCI 3 0.196 



In another represenative operation of the 
5 process the flexibility of operation of the 
present invention was compared to that of 
a similar system which employed compressed 
air as its source of oxygen and which pro- 
vided no recycling of reactor effluent. The 

10 present process was operated at 10% of its 
reactant capacity throughput. The recycled 
effluent rate was maintained at 30% of its 
capacity throughput as given in the previous 
example. Maximum reactor temperatures of 

15 250— 260°C. were observed, and % ethylene/ 
hydrogen chloride conversions of 98—99/ 
92—94 were achieved. 

The above run was compared to the best 
existing commercial process, represented by a 

20 system using air as the source of oxygen and 
similar to that described in the present 



process, except that it was comprised of a 
reactor consisting of 19 tubes instead of on- 
The comparison system was also scaled up 
accordingly in its condensing and scrubbing 25 
capacity. Upon repeated attempts to operate 
the process at 10% of throughput, the catalyst 
zone underwent large temperature rises sur- 
passing 350°C. before being shut down. The 
coolant temperature was reduced from 225 °C. 30 
to 205 °C. and the reactor pressure reduced 
from 65 psig. to 25 psig. (4.55—1.76 
kg.cm. 2 ), with no improvement. Upon subse- 
quent restoration of capacity reactant flows, 
die catalyst performance was found to be 35 
significantly impaired, resulting in reduced 
yields and hot spotting problems. 

The above results may be directly com- 
pared to a commercial scale oxychlorination 
process which utilizes air as the source of 40 
the oxygen and vents all off -gases to a flare. 
In addition, two prior an processes are 
reported based on the data obtained from this 
patent specification. To obtain a meaningful 
, comparison, the results are set side by side. 45 
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. WHAT WE CLAIM IS:— 

hJ^»i, proces i.t or PreP 3 """? chlorinated 
hydrocarbons which comprises contacting a 
mixture of oxygen or a gas containing mole- 
< T? ? X3 £ en > Mrogen chloride and an 
ethylemcally unsaturated aliphatic hydro- 
carbon or a partially chlorinated ethylenicallv 
unsaturated aliphatic hydrocarbon, the 

in °? ygen 6 , aSg "optoyed in a state of purity 
10 of not less than 5Q% with respect to 

T o s T? le g f CS ' in amounts of fr °* 0.4 
r T 7 of ^Sen and 1.8 to 2.2 

uS J ™tM y ST n c l! ,oride p £r mole 0{ ^ 

unsaturated hydrocarbon, with a Deacon-tvne 
15 copper oxychlorination catalyst at a tempera: 
ture and pressure at which oxychlorination 

trea ° J ng .«"Wng oxychlorination 
reaction products with water to remove any 
unreacted hydrogen chloride, cooling the 
S der ^^ eproductetor ^°vem!con- 
densible chlorinated hydrocarbons and re- 
cycling sufficient remaining noncondensible 
gases to the reactor to supply from 30 to 
60 percent of the feed. 
25 A process as claimed in claim 1, in 

which Ae reaction is carried out in a plurality 
of tubular reactors which are externally cooled 
l^^wVc temperature therein at fr °ni 
30 3 A process as claimed in claim 1 or claim 
Z wherein said oxygen is employed in a state 
of purity of greater than 90% with respect 
to noncondensible gases, 
ic •> \ A P. roces ?, a s claimed in claim 1 or claim 
oxygen** 0 0XySeD fe substantiaII y P^e 
5. A process as claimed in any one of the 
preceding claims wherein said oxygen is in 
admixture with steam. 
40 6. A process as claimed in any one of claims 
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2 to 5 wherein each reactor i s internally 
packed with an alumina carrier loaded with 
from 1 to 10% copper as copper chloride 
admixed with from 0 to 100% by weight 
inert diluent J ^ 

7. A process as claimed in claim 6 wherein 
the alumina carrier is loaded with from 2 
to 7 /i copper as copper chloride. 

8. A process as claimed in claim 6 wherein 
tiie alumina carrier is loaded with from 3 to 
o.5 A copper as copper chloride. 

9. A process as claimed in any one of the 
preceding claims wherein the ethylenicallv 
unsaturated hydrocarbon is ethylene 

10. A process a s claimed in any one of 
claims 2 to 9 wherein each tubular reactor 
contains a plurality of catalyst zones of increas- 
ing copper content from the inlet to the outlet 
or the reactor. 

11. A process as claimed in any one of 
claims 2 to 10 wherein each tnbulaV reactor 
has an internal diameter of from 0.5 inch to 
fee t S and a length of from 10 to 60 

12. A process as claimed in any one of 
claims 2 to 11 wherein each tubular reactor 
indies 1 diameter of from °- 7 5 to 2.0 

13. A process for preparing chlorinated 
hydrocarbons substantially as hereinbefore 
described in the Example. 

14. A chlorinated hydrocarbon whenever 
prepared by a process as claimed in any one 
ol the preceding claims. 

BOULT, WADE & TENNANT, 
Chartered Patent Agents, 
34 Cursitor Street, London, 
EC4A 1PQ. 
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